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Abstract 

Behavioral research has demonstrated that males have a higher capability of regulating their own and others' emotions 
than females; however, little is known about the sex-specific brain mechanisms involved in emotion regulation ability. In the 
present study, we used voxel-based morphometry to investigate the neural basis underlying emotion regulation ability in a 
large sample of young adults. Assessment of emotion regulation ability was performed using the Wong and Law Emotional 
Intelligence Scale. As expected, males significantly scored higher in emotion regulation ability than females did. IVlore 
importantly, we found the sex differences in the neuroanatomical basis of emotion regulation ability. Males showed a 
stronger positive relation between emotion regulation ability and regional gray matter volume (rGMV) in the right 
dorsolateral prefrontal cortex. In contrast, females demonstrated a stronger positive relation between emotion regulation 
ability and rGMV in an anatomical cluster that extends from the left brainstem to the left hippocampus, the left amygdala 
and the insular cortex. The present study provides the first empirical evidence regarding the sex-linked neuroanatomical 
correlates of emotion regulation ability. These findings may help understand why there is a higher prevalence of affective 
disorders in females and maladaptive behaviors in males. 
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Introduction 

According to John Gray's best-seller, Men Are from Mars, 
Women Are from Venus, males and females not only communi- 
cate differently but also think, feel, perceive, respond, love, and 
appreciate differently [1]. Such differences can be reflected in the 
domain of emotion regulation. Emotion regulation refers to a 
person's ability to regulate one's own and others' emotional states 
and is regarded as a crucial component of emotional intelligence 
[2] . Numerous behavioral studies have suggested that males score 
higher than females with regard to self-report measurement of 
emotion regulation ability and other similar constructs. For 
example, using the Trait-Meta Mood Scale (TMMS), Amelang 
and Steinmayr (2006) and Extremera, Duran and Rey (2007) 
found that males had higher mood repair scores [3,4]. Using the 
Wong and Law Emotional Intelligence Scale (WLEIS), Kong, 
Zhao and You (2012) found that males scored higher in emotion 
regulation ability [5]. Using the Trait Emotional Intelligence 
Questionnaire (TEIQue), Mikolajczak, Luminet, Leroy and Roy 
(2007) found that males had higher self-control scores [6], and 
finally, using the Emotional Quotient Inventory (EQI), Bar-On, 
Brown, Kirkcaldy and Thome (2000) found that males scored 
higher in stress tolerance and impulse control [7] . However, some 
studies found inconsistent results in the sex differences in 
emotional intelligence [6,8,9,10]. For example, using Brain 
Resource Inventory for Emotional Intelligence Factors (BRIEF), 



Craig et al. (2009) found that females scored higher on Empathy 
than males, whereas males scored higher on Self-concept, so 
females scored higher on the total scale than males. Using the 
Trait Emotional Intelligence Questionnaire, Mikolajczak et al. 
(2007) found that females scored higher on Emotionality, whereas 
males scored higher on Self-Control and Sociability, as a result, 
males scored higher on the total scale than females [6]. The 
discrepancy may be due to the choice of measurement instrument, 
but these inconsistent findings are not accidental, which may 
reflect the gender differences in many emotional aspects. These 
sex differences may be explained by the "extreme male brain 
theory of autism" proposed by Baron-Cohen (2002). According to 
this theory, the masculine brain predominantly seeks to under- 
stand and construct systems (i.e., "systemize"), whereas the 
feminine brain is predominantly structured to feel empathy (i.e., 
"empathize") [11]. Here we focused on emotional regulation 
ability and used magnetic resonance imaging (MRI) to investigate 
the sex-specific neural basis of this ability. 

Previous functional neuroimaging studies have mainly focused 
on emotion regulation strategies (e.g., cognitive reappraisal); such 
studies have demonstrated that both subcortical regions and 
cortical regions are involved in emotion regulation strategies. 
Subcortical regions include the amygdala, hippocampus and 
cerebellum [12,13,14,15,16,17]. Cortical regions include the 
prefrontal cortex (dorsolateral prefrontal cortex (DLPFC), ventro- 
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medial prefrontal cortex (VMPFC), orbitofrontal cortex (OFC), 
and the anterior cingulate cortex (ACC)) and the insular cortex 
[12,13,15,18,19]. However, emotion regulation ability is differen- 
tiated from emotion regulation strategies because emotion 
regulation ability reflects effective choices and flexible application 
of different strategies for managing emotionally charged situations. 
Recently, several structural neuroimaging studies have explored 
the neuroanatomical basis of emotion regulation ability, but the 
results are less clear. For instance, KUlgore et al. (2012) found that 
emotion regulation ability correlated positively with regional gray 
matter volume (rGMV) in the bilateral VMPFC [20], while 
Takeuchi et al. (2011) found that emotion regulation ability 
correlated with regional gray matter density (rGMD) in the right 
anterior insula, the right cerebellum, the precuneus, and the 
medial prefrontal cortex [21]. Koven, Roth, Garlinghouse, 
Flashman and Saykin (2011) found that better mood repair was 
related to larger rGMV in three clusters in frontal and inferior 
parietal areas [22]. Despite the limited statistical power caused by 
the relatively small sample size used in these studies, we speculate 
that sex differences may be another significant factor in these 
inconsistent findings. 

To our knowledge, there are three functional neuroimaging 
studies that have explored sex-related differences on cognitive 
reappraisal strategies ([23,24,25], for a review see Ref [26]). Using 
an effortful reappraisal task, in which participants consciously 
maintained or down-regulated their negative emotions, two of the 
studies reported stronger prefrontal activity in males [23,25], while 
the third study found stronger prefrontal activity in females [24]. 
In addition, the third study reported that the amygdala was more 
activated in females [24], while the two other studies failed to fmd 
an effect of gender on amygdala activity [23,25] . One possible 
reason for this inconsistency is that the regulation instructions for 
participants varied across the studies, and thus different types and 
number of reappraisal strategies may have been used. Although 
the results are mixed, these findings indicate distinct roles for 
prefrontal and subcortical regions in emotion regulation between 
males and females. However, to the best of our knowledge, no 



study has directly explored the sex-linked neuroanatomical 
correlates of emotion regulation ability. 

To investigate this issue, here we extended the previous studies 
in three ways. First, we assessed each participant's general ability 
to regulate emotions in daily life using a well-estabhshed self-report 
questionnaire (WLEIS) [27]. Second, we used voxel-based 
morphometry (VBM) to examine structural differences underlying 
emotion regulation ability in a large sample size of males and 
females (N = 299; 159 females). Functional and structural MRI 
studies are believed to complement each other, but structural MRI 
studies are particularly suitable for describing the neural correlates 
of emotion regulation ability because the short reappraisal tasks in 
functional MRI studies may hardly tap the cognitive-affective 
processes involving the whole range of emotion regulation ability. 
Finally, a large sample size of young adults was used in this study, 
which will provide a higher statistical power to test and identify the 
sex-specific neural correlates of emotion regulation ability. Given 
that males have better emotion regulation skills than females, we 
hypothesized that males and females would show differences with 
regard to the brain regions involved in emotion regulation ability. 
Specifically, we hypothesized that males' emotion regulation 
ability would be more strongly associated with rGMV in cortical 
regions, particularly in the prefrontal cortex, which is associated 
with cognitive processes [28,29]. Similarly, females would mainly 
have a stronger association between emotion regulation ability and 
rGMV in regions (e.g., the amygdala) that are implicated in 
emotional processes [30,31]. 

Methods 

Participants 

College students (N = 299; 159 females; mean age 
= 21.55 years, SD =1.01) from Beijing Normal University, 
Beijing, China, participated in this study. Both behavioral and 
MRI protocols were approved by the Institutional Review Board 
of Beijing Normal University. Written informed consent was 
obtained from all participants prior to the experiment. Two 



Table 1. Demographic characteristics for participants. 







Variable 


Group 






Sex difference 




All 


Males 


Females 




Age 


Mean (SD) 


21.6 (1.02) 


21.6 (1.00) 


21.6 (1.03) 


n.s. 


Range 


18-25 


18-25 


19-24 




Emotion regulation ability {a = 0.86) 


Mean (SD) 


19.2 (4.3) 


20.0 (3.8) 


1 8.6 (4.6) 


<.01 


Use of emotion ability (Qt = 0.69) 


Mean (SD) 


21.3 (3.3) 


21.5 (3.2) 


21.1 (3.3) 


n.s. 


Self-emotion appraisal ability (a = 0.78) 


Mean (SD) 


21.9 (3.0) 


22.1 (2.9) 


21.8 (3.1) 


n.s. 


Others-emotion appraisal ability (a = 0.91) 


Mean (SD) 


20.8 (4.2) 


20.4 (4.2) 


21.04 (4.1) 


n.s. 


DLPFC 




0.34 (0.06) 


0.37 (0.06) 


0.33 (0.05) 


<.001 


Hippocampus/amygadala/insular 




0.27 (0.03) 


0.28 (0.02) 


0.23 (0.02) 


<.001 



Note: n.s., not statistically significant at p<0.05. 
doi:l 0.1 371 /journal.pone.0097071 .tOOl 
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Figure 1. Sex-specific correlation between emotion regulation ability and regional gray matter volume. A: The right DLPFC, where the 
interaction between sex and emotion regulation ability was found, is rendered in the e IVIontreal Neurological Institute (MNI) space. B; The anatomical 
cluster that extends from the left brainstem to the left hippocampus, the left amygdala and the insular cortex, where the interaction between sex and 
emotion regulation ability was found, is rendered in the MNI space. C: Scatter plots depicting correlations between rGIVIV of the right DLPFC 
[20,28,60] and individual variability in emotion regulation ability in males (N = 133, r = 0.30, p<0.001) and females (N = 159, r= -0.08, p>0.05). D: 
Scatter plots depicting correlations between rGMV of the anatomical cluster that extends from the left brainstem to the left hippocampus, the left 
amygdala and the insular cortex [0, —14, —10] and individual variability in emotion regulation ability in males (N = 133, r = 0.20, p<0.05) and females 
(N = 159, r= -0.11, p>0.05). 
doi:10.1371/journal.pone.0097071.g001 



participants were excluded due to missing items or erroneous 
reports in the questionnaire. Another five participants were 
removed from further analyses due to extraordinary scanner 
artifacts or abnormal brain structures (e.g., unusually large 
ventricles). Thus, 292 participants contributed to our study 
findings (133 males, mean age =21.57 years, SD =1.00; 1.59 
females, mean age =21.54 years, SD = 1.02). 

Psychological measurement 

Participants' emotion regulation ability was assessed using the 4- 
item Regulation of Emotion (ROE) scale of the WLEIS [26]. The 
ROE scale measures individuals' ability to regulate their emotions 
and their ability to quickly recover from psychological stress; 
sample items include, "I am quite capable of controlling my own 
emotions" and "I can always calm down quickly when I am very 
angry." Participants were then instructed to indicate the extent to 
which they agree or disagree with each statement using a 7 -point 
Likert-type scale. Higher scores in the ROE scale indicate better 
emotion regulation ability. The scale has been demonstrated to 
have high internal consistency, convergent/ discriminant validity 
with related constructs of loneliness, positive affect, negative aflect, 



depression, and empathy, and good concurrent validity with other 
emotion regulation measures, including the Optimism/Mood 
Regulation subscale of the Schutte' Emotional Intelligence Scale, 
the Repair of Emotion subscale of Trait IMeta-lMood Scale, and 
the Emotional Control Questionnaire [32,33,34]. 

MR! acquisition 

Participants were scanned using a Siemens 3T scanner 
(IVlAGENTOM Trio, a Tim system) with a 12-channel phased- 
array head coil at BNU Imaging Center for Brain Research, 
Beijing, China. MRI structural images were acquired using a 3D 
magnetization prepared rapid gradient echo (]VIP-RAGE) Tl- 
weighted sequence (TR/TE/TI = 2530/3.39/1 100 ms, flip angle 
= 7 degrees, FOV =256x256 mm). One hundred and twenty- 
eight contiguous sagittal slices were acquired with 1 x 1 -mm in- 
plane resolution and 1.33-mm slab thickness for whole brain 
coverage. 

Image Processing for VBM 

VBM was employed to characterize the neuroanatomical 
differences in gray matter volume (GMV) and the neuroanatom- 
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Table 2. Regions correlating with emotion regulation ability. 



Region Side MNI coordinate ^ Cluster size (mm^) 

X y z 

Male > female 

Dorsal lateral prefrontal cortex Riglit 20 28 60 3.80 1658* 

Female> male 

Hippocampus, Amygdala, insular cortex Left 
In total sample 

Precuneus Left -2 -72 32 3.45 1753* 



Note: MNI = Montreal Neurological Institute; * MC-cluster-corrected p<0.01. 
doi:l 0.1 371 /journal.pone.0097071 .t002 

ical correlates of behavioral performance across participants [35]. 
In this study, VBM was performed using SPM8 (Statistical 
Parametric Mapping, Wellcome Department of Imaging Neuro- 
science, London, UK), with an optimized VBM protocol [36] on 
Tl -weighted structural MRI images. First, image quality was 
assessed by manual visual inspection. Five participants whose 
images had excessive scanner artifacts or showed gross anatomical 
abnormahties were excluded. Second, the origin of the brain was 
manually set to the anterior commissure for each participant. 
Third, images were segmented into four distinct tissue classes: gray 
matter, white matter, cerebrospinal fluid, and everything else (e.g., 
skuU and scalp) using a unified segmentation approach [37]. Forth, 
the MNI 152 template was used to spatially normalize the gray 
matter images for each participant using the Diffeomorphic 
Anatomical Registration through Exponential Lie algebra (DAR- 
TEL) registration method [38]. DARTEL registration involves 
repetitively computing the study-specific template based on the 
average tissue probability maps of all participants and then 
warping all participants' tissue maps into a generated template to 
improve the alignment. Fifth, gxay matter voxel values were 
modulated by multiplying the Jacobian determinants derived from 
the normalization procedure to preserve the volume of tissue from 
each structure after warping. The modulated gray matter images 
were then smoothed using an 8-mm full width at half maximum 
(FWHM) isotropic Gaussian kernel. Finally, to exclude noisy 
voxels, the modulated images were masked using absolute masking 
with a threshold of 0.2. The masked-modulated gray matter 
images were used for further statistical analyses. 

Statistical Analysis of VBM 

Sex difference in the correlation between emotion regulation 
ability and rGMV was tested using the condition by covariate 
interaction analysis [39] . The interaction analysis treated sex as a 
condition, the score of emotion regulation ability as a covariate of 
interest, and the total GMV and age as covariates of no interest. 
Statistical analysis was performed using a general linear model 
(GLM). Multiple comparison correction was performed by setting 
the voxel-wise intensity threshold at ^<0.05 and a cluster-level 
threshold determined by Monte Carlo simulations (10,000 
iterations) conducted in the AlphaSim program within AFNI 
[40]. Accordingly, significant effects were reported when the 
volume of a cluster was greater than the Monte Carlo simulation 
determined minimum cluster size on whole brain GMV (i.e., 943 
voxels), above which the probability of type I error was below 0.01. 

To test the specificity of correlation, we also detected the 
neuroanatomical correlates of individual differences in emotion 
regulation ability in the whole sample. Statistical analysis treated 



total GMV, age and sex as confounding covariates and the score of 
emotion regulation ability as a covariate of interest. The threshold 
for statistical significance was also set at MC-cluster-corrected p< 
0.05 and significant effects were reported when the volume of a 
cluster was greater than 943 voxels. 

Results 

The summed score for the ROE scale was used as an index of 
emotion regulation ability, whereby higher scores indicated a 
better ability. Demographic characteristics for the participants are 
presented in Table 1. As indicated in Table 1, measures of 
emotion regulation ability, use of emotion ability, self-emotion 
appraisal ability, and others-emotion appraisal ability had good 
internal consistency. Moreover, emotion regulation ability was 
moderately and positively related to use of emotion ability 
(r=0.36, /)<0.001), self-emotion appraisal ability (?'=0.44, p< 
0.001), and others-emotion appraisal ability (r=0.28, /)<0.001), 
thus indicating that the ROE scale has good discriminant validity. 
The independent sample t-test analyses revealed no significant sex 
differences in age (<=0.29; p=0.n) and use of emotion ability 
(/= 1.15; p = 0.25), self-emotion appraisal ability (i=0.83; 
p = OAl), and others-emotion appraisal ability (t= —1.28; 
p = 0.20). Importantly, we found a significant difference in emotion 
regulation ability between male and female groups (Z(290) = 2.92, 
/) = 0.004, Cohen's d = 0.34), which is consistent with previous 
findings that males have higher levels of emotion regulation ability 
than females [5,6,7]. Next, we examined whether the sex-specific 
differences in emotion regulation, as observed in the behavioral 
measurements, had distinct neural substrates. 

To do this, we conducted a condition by covariate interaction 
analysis with sex as a condition and the score of emotion 
regulation ability as a covariate of interest. We revealed a 
significant interaction of sex by emotion regulation ability in two 
anatomical clusters: one in the right DLPFC (MNI coordinate: 20, 
28, 60; Cluster-corrected p<O.Ol) (Fig. lA) and the other that 
extends from the left brainstem to the left hippocampus, the left 
amygdala and the insular cortex (MNI coordinate: 0, —14, —10; 
Cluster-corrected p<O.Ol) (Fig. IB). Brain structures involved in 
the second cluster are known as central parts of the limbic system 
[41]. Specifically, males showed a stronger positive relation 
between emotion regulation ability and rGMV in the right 
DLPFC (r = 0.30, p<0.001), relative to females (r= -0.08, p> 
0.05) (Fig. IC). In contrast, females showed a stronger positive 
relation between emotion regulation ability and rGMV in the 
other anatomical cluster (r = 0.20, p<0.05), relative to females (r = 
— 0.11, p>0.05) (Fig. ID). The anatomical location of these 
clusters identified by the VBM analysis in this study was close to 
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regions identified by flVIRI using emotion regulation tasks 
[12,23,42,43,44]. In addition, we tested the gender differences of 
rGMV in these two clusters. We found that males had larger 
rGMV in these two clusters than females (fis<0.00\). 

To test the specificity of these correlations, we also detected the 
neuroanatomical correlates of indi\idual difF(-rcnc(-s in emotion 
regulation ability in the whole sample. A significant positive 
correlation between emotion regulation ability and rGMV was 
found in a cluster that included the left precuneus (MNI 
coordinate: -2, -72, 32; Cluster-corrected p<Om) (Table 2). 
Taken together, these results suggest that the left hippocampus 
and the left amygdala, as well as the right DLPFC, have a sex- 
specific correlation with emotion regulation abihty. 

Discussion 

The aim of the present study was to investigate the sex-linked 
neuroanatomical basis of emotion regulation ability in a large 
sample of young healthy adults. As expected, males reported 
higher levels of emotion regulation ability relative to females, 
which is consistent with previous behavioral findings that males 
have a greater abihty to regulate emotions than females [5,6,7]. 
More importantly, VBM analysis revealed males relying more on 
the right DLPFC and females relying more on limbic regions 
including the left hippocampus, the left amygdala and insular 
cortex. Thus, the present study provides the first empirical 
evidence for sex-related neuroanatomical basis of emotion 
regulation abihty. 

Males demonstrated a stronger positive relation between 
emotion regulation ability and rGMV in the right DLPFC, which 
is in line with previous VBM and lesion studies that report 
involvement of the DLPFC in emotion regulation ability using a 
self-report emotion regulation ability assessment [18,22,45]. 
Moreover, numerous fMRI studies have consistentiy shown 
increased neural activity in the DLPFC when participants are 
instructed to deploy a variety of emotion regulation strategies, 
including cognitive reappraisal and expressive suppression 
[13,16,46]. The DLPFC is known for its critical role in cognitive 
control, working memory, and response selection [47,48]. Taken 
together, recruitment of the DLPFC may facilitate emotion 
regulation through a range of efibrtful cognitive processes, such 
as selecting, shifting, and maintaining regulation strategies. For 
example, the DLPFC may be used to direct attention to 
reappraisal-relevant stimulus features and hold in mind reappraisal 
goals as well as the content of one's reappraisal [49]. Our finding 
that the DLPFC has a male-specific correlation with emotion 
regulation ability seems to support behavioral observations that 
report males use more rational and detachment coping strategies 
in a stressful environment than females [50,51]. 

In contrast, we found that females' emotion regulati(m ability- 
was associated with rGMV in the anatomical cluster that extc-nds 
from the left brainstem to the left hippocampus, the left amygdala 
and the insular cortex, which are impHcated in emotional 
processes. Numerous fMRI studies have demonstrated that the 
hippocampus, the amygdala and the insular cortex are involved in 
successful emotion regulation [12,13,14,16,17]. In particular, the 
amygdala plays a critical role in detecting, as well as attending to 
and encoding affectively arousing and threatening stimuli into 
memory [52,53,54], and its hyperactivation is associated with a 
variety of affective disorders [55]. The hippocampus is involved in 
establishing declarative or episodic memory for autobiographic 
events [56]. Therefore, recruitment of the hippocampus and 
amygdala may help females to accurately perceive emotional 



events and detect cues that signal potential threats, thus faciMtating 
their regulation of emotion. The insular cortex is a fundamental 
multimodal sensory integration region, and has highly reciprocal 
connections with cortical (e.g., the anterior cingulate and 
prefrontal cortex) and subcortical regions (e.g., amygdala and 
basal gangha) [57]. It is involved in the experience of bodily self- 
awareness, emotional processing, sexual memory, and regulating 
autonomic functions [58,59,60,61], and possibly plays a patho- 
physiological function in anxiety disorders and emotion dysregu- 
lation [62,63]. The insular cortex, as well as the hippocampus and 
the left amygdala arc' < (;ntral comp(ments of the limbic system that 
has been extensively implicated in many emotional processes such 
as emotional memory and emotion recognition [41,64]. This may 
be consistent with the findings of previous behavioral studies that 
report females use emotion-focused coping strategies more 
frequently when under stress [50,51]. 

These results may contribute to our understanding of sex 
differences in disorders and maladaptive behaviors that are 
associated with emotion regulation ability. For example, it has 
been reported that hippocampal and amygdala volume are smaller 
in depressed females than that in normal participants 
[65,66,67,68,69] and, more specifically, than in depressed males 
[70,71,72]. This is in accordance- witli our findings that rGMV in 
the hippocampus and the aimygdala is more strongly associated 
with emotion regulation ability in females than in males, which in 
part supports the finding of a higher prevalence of affective 
disorders (e.g., depression) in females [73]. On the other hand, 
maladaptive behaviors (e.g., aggressive beha\ior and alcohol- 
related problems) are more prevalent in males [74,75]. The 
finding that rGMV in the DLPFC is more strongly associated with 
emotion regulation ability in males than in females, similarly 
suggests that maladaptive beha-viors might result from difficulties 
in the cognitive control of emotions. 

In conclusion, our study provides the first evidence for the sex- 
specific neuroanatomical basis of emotion regulation ability. 
Specifically, we found that females' emotion regulation ability is 
associated with rGMV in emotion-focused brain regions, whereas 
males' emotion regulation ability tends to be associat(-d with 
rGMV in brain regions implicated in cognitive pro((-ss(-s. 
However, several limitations need to be addressed for future 
research. First, we assessed each participant's emotion regulation 
ability using a self-report questionnaire. Although this question- 
naire predicts real-world outcomes, such as well-being and 
depressive symptomatology [34], it would perhaps be useful to 
employ objective measures of emotion regulation ability when 
examining sex-specific neuroanatomy involved in the process in 
order to examine convergence across diverse measures. Second, 
only healthy participants were recruited, and therefore, it is 
unknown whether our results relate to clinical samples. Given the 
relationship between emotion dysregulation and affective disor- 
ders, studying emotion regulation ability in a clinical population is 
necessary to improve our understanding of emotion regulation 
deficits and to provide insight into treatment imphcations. Third, 
this study is a cross-sectional design, which does not draw causal 
inferences. Future investigations should ideally utilize longitudinal 
designs to examine changes in emotion regulation ability over the 
course of development. 

Author Contributions 

Analyzed ihc data: FK ZZ XW LH. Wrote the paper: FK ZZ JL. Designed 
research: FKJL. Performed research: FK ZZ JL. Contributed unpublished 
reagents/ analytic tools: ZZ LH XW YS. 



PLOS ONE I www.plosone.org 



5 



May 2014 I Volume 9 | Issue 5 | e97071 



Sex and Emotion Regulation Ability 



References 

1 . Gray J ( 1 992) \lcn arc from mars, women are from Venus: A practical guide for 
improving communication and getting what you want in relationships. New 
York: HarperCollins. 

2. Mayer JD, Salovey P (1997) What is emotional intell%ence?. In: Salovey P, 
Sluyter DJ, editors. Emotional development and emotional intelligence: 
Educational implications: New York: Basic Books. 

3. Amelang M, Steinmayr R (2006) Is there a validity increment for tests of 
emotional intelligence in explaining the variance of performance criteria? 
Intelligence 34: 459-468. doi:http://dx.doi.org/10.1016/j.intell.2006.03.003. 

4. Extremera N, Duran A, Rey L (2007) Perceived emotional intelligence and 
dispositional optimism-pessimism: Analyzing their role in predicting psycholog- 
ical adjustment among adolescents. Personality and Individual Differences 42: 
1069-1079. doi:http://dx.doi.org/10.1016/j.paid.2006.09.014. 

5. Kong F, Zhao J, You X (2012) Emotiond intelligence and life satisfaction in 
Chinese university students: The mediating role of self-esteem £md social 
support. Personality and Individual Differences 53: 1039-1043. doi:http://dx. 
doi.org/10.1016/j.paid.2012.07.032. 

6. Mikolajczak M, Luminct O, Leroy C, Roy E (2007) Psychometric Properties of 
the Trait Emotional Intelligence Questionnaire: Factor Structure, Reliability, 
Construct, and Incremental Valichty in a French-Speaking Population. Journal 
of Personality Assessment 88: 338-353. doi:10.1080/00223890701333431. 

7. Bar-On R, Brown JM, Kirkcaldy BD, Thome EP (2000) Emotional expression 
and implications for occupational stress; an application of the Emotional 
Quotient Inventory (EQji). Personality and Individual Differences 28: 1107- 
1118. doi:http://dx.doi.org/10.1016/S0191-8869(99)00160-9. 

8. Craig A, Tran Y, Hermens G, Williams L, Kemp A, et al. (2009) Psychological 
and neural correlates of emotional intelligence in a large sample of adult males 
and females. Personality and Individual Differences 46: 1 1 1-1 15. doi:http:/ /dx. 
doi.org/10.1016/j.paid.2008.09.011. 

9. Saklofske DH, Austin EJ, Minski PS (2003) Factor structure and validity of a trait 
emotional intelligence measure. Personality and Individual Differences 34: 707- 
721. doi:http://dx.doi.org/10.1016/S0191-8869(02)00056-9. 

10. Van Roov DL, Alonso A, Viswesvaran C (2005) Group differences in emotional 
intelligence scores: Theoretical and practical implications. Personality and 
Individual Diflerences 38: 689 700. doi:hltp://dx.doi.org/10.101G/j.paid'.2004. 
05.1)23. 

11. Baron-CJohen S (2002) The extreme male brain theory of autism. 'I'rends in 
cognhive sciences 6: 248-254. doi:http://dx.doi.org/10.1016/S1364- 

6613(02)01904-6. 

12. Banks SJ, Eddy KT, Angstadt M, Nathan PJ, Phan KL (2007) Amygdala-frontal 
connectivity during emotion regulation. Social Cognitive and Affective 

Neurosricnre 2: 303-312. doi:10.1093/scan/nsm029. 

13. C;oldiu PR, McRae K, Ramcl W, Gross JJ (2008) The Neural Bases of Emotion 
Regulation: Reappraisal and Suppression of Negative Emotion. Biological 
Psychiatry' 63: 577-586. doi:http://dx.doi.org/ 10. 1016/j.biop.sych.2007. 05.031. 

14. Hartley CA, Phelps EA (2009) Changing Fear: The Neurocircuitry of Emotion 
Regulation. Neuropsychopharmacology 35: 136-146. doi:10T038/ 
npp.2009.121. 

15. Ochsner KN, Bunge SA, Gross JJ, Gabrieli JDE (2002) Retiiinking Feehngs: An 
fMRI Study of the Cognitive Regulation of Emotion. Journal of Cognitive 
Neuroscience 14: 1215-1229. doi: 10.1 162/089892902760807212. 

16. Ochsner KN, Gross JJ (2005) The cognitive control of emotion. Trends in 
Cognitive Sciences 9: 242-249. doi:http://dx.doi.org/10.1016/j.tics.2005.03. 
010. 

17. Wager TD, Davidson ML, Hughes BL, Lindquist MA, Ochsner KN (2008) 
Prefrontal-Subcortical Pathways Mediating Successful Emotion Regulation. 
Neuron 59: 1037-1050. doi:http://dx.doi.org/10.1016/j.neuron.2008.09.006. 

18. Krueger F, Barbey AK, McCabe K, Strenziok M, Zamboni G, et al. (2009) The 
neural bases of key competencies of emotional intelligence. Proceedings of the 
National Academy of Sciences 106: 22486-22491. doi:10.1073/ 
pnas.0912568106. 

19. MacDonald AW, Cohen JD, Stenger VA, Carter CS (2000) Dissociating the 
Role of the Dorsolateral Prefrontal and Anterior Cingulate Cortex in Cognitive 
Control. Science 288: 1835-1838. doi:10.1 126/science.288.5472.1835. 

20. Killgore WD, Weber M, Schwab ZJ, DelDonno SR, Kipman M, et al. (2012) 
Gray matter correlates of Trait and Abihty models of emotional intelligence. 
NeuroReport 23: 551-555. doi:10.1097/WNR.0b013e32835446f7. 

2 1 . Takeuchi H, Taki Y, Sassa Y, Hashizume H, Sek^chi A, et al. (20 1 1) Regional 
gray matter density associated with emotional intelligence: Evidence from voxel- 
based morphometry. Human Brain Mapping 32: 1497-1510. doi:10.1002/ 
hbm.21122. 

22. Koven NS, Roth RM, Garlmghouse MA, Hashman LA, Saykin AJ (2011) 
Regional gray matter correlates of perceived emotional intelligence. Social 
Cognitive and Affective Neuroscience 6: 582-590. doi:10.1093/scan/nsq084. 

23. Domes G, Schulze L, Bottger M, Grossmann A, Hauenstein K, et al. (2010) The 
neurgj correlates of sex differences in emotional reactivity and emotion 
regulation. Human Brain Mapping 31; 758-769. doi:10.1002/hbm.20903. 

24. McRae K, Ochsner KN, Mauss IB, Gabrieh JJD, Gross JJ (2008) Gender 
Differences in Emotion Regulation: An flVIRl Study of Cognitive Reappraisal. 
Group Processes & Intergroup Relations 1 1: 143-162. doi: 10. 1177/ 
1368430207088035. 



25. Mak AKY, Hu Z-g, Zhang JXX, Xiao Z, Lee TMC (2009) Sex-related 
differences in neural activity during emotion regulation. Neuropsychologia 47: 
2900-2908. doi:http://dx.doi.org/10.1016/j.neuropsyehologia.2069.06.017. 

26. Whitde S, Yucel M, Yap MBH, Allen NB (201 1) Sex differences in the neural 
correlates of emotion: Evidence from neuroimaging. Biological Psychology 87: 
319-333. doi:http://dx.doi.org/10.1016/j.biopsycho.201 1.05.003. 

27. Wong C-S, Law KS (2002) The effects of leader and follower emotional 
intelligence on performance and attitude: An exploratory study. The Leadership 
Quarterly 13: 243-274. doi:http://dx.doi.org/10.1016/S1048-9843(02)00099- 
1. 

28. Koeehlin E, Ody CJ, Kouneiher F (2003) The Architecture of Cognitive Control 
in the Human Prefrontal Cortex. Science 302: 1181-1185. doi:10.1126/ 
science. 1088545. 

29. Miller EK, Cohen JD (2001) An integrative theory of prefrontal cortex fimction. 
Annual Review of Neuroscience 24; 167-202. doi;10.1146/annurev.- 
neuro.24.1.167. 

30. Pessoa L, Adolphs R (2010) Emotion processing and the amygdala: from a 'low 
road' to 'many roads' of evaluating biological significance. Nature Reviews 
Neuroscience 11: 77.3-783. doi: 10. 1038/nrn2920. 

31. Phelps EA, LeDoux JE (2005) Contributions of the Amygdala to Emotion 
Processing: From Animal Models to Human Behavior. Neuron 48: 175—187. 
doi:http://dx.doi.org/ 1 0. 1016/j.neuron.2005.09.025. 

32. Kong F, Zhao J (2013) Affective mediators of the relationship between trait 
emotional intelligence and life satisfaction in young adults. Personality and 
Individual Differences 54: 197-201. doi;http;//dx.doi.org/10.1016/j.paid.2012. 
08.028. 

33. Law KS, Wong C-S, Song LJ (2004) The construct and criterion validity of 
emotional intelligence and its potential utility for management studies. Journal of 
Applied Psycholo^gy 89: 483. doi:10.1037/0021-9010.89.3.483. 

34. Shi J, Wang L (2007) Validation of emotional intelligence scale in Chinese 
university students. Personality and Individual Differences 43; 377—387. 
doi:http://dx.doi.org/ 10.101 6/j.paid.2006. 1 2.0 1 2. 

35. Ashburner J, Friston KJ (2000) Voxel-Based MorphometiA' The Methods. 
Neurolmage 11: 805-821. doi:http://dx.doi.org/ 10. 1()l)(i/nimg.2000.0582. 

36. Good CD, Johnsrudc 1. Ashburner J. flenson RNA, Fnston Kj. et al. (2001) 
Cerebral Asymmetry and the I'^lfects of Sex and Handedness fin Brain Structure: 
A Voxel-Based Morphometrie Analysis of 465 Normal Adiill Human Brains. 
Neurolmage 14: 685-700. doi:http://dx.doi.org/ 10. l()06/mmg.2001 .0857. 

37. Ashburner J, Friston KJ (2005) Unified segmentation. Neurolmage 26: 839-851. 
doi;http://dx.doi.org/10.1016/j.neuroimage.2005.02.018. 

38. Ashburner J (2007) A fast diffeomorphic image registration algorithm. Neuro- 
lmage 38: 95-113. doi:http://dx.doi.org/10.1016/j.neuroimage. 2007.07.007. 

39. Yamasue H, Abe O, Suga M, Yamada H, Rogers MA., et al. (2008) Sex-Linked 
Neuroanatomical Basis of Human Altruistic Cooperativeness. Cerebral Cortex 
18: 2331-2340. doi:10.1093/cereor/bhm254. 

40. Ward BD (2000) Simukaneous inference for fMRI data: Medical College of 
Wisconsin. 

41. Mesulam M (2000) Behavioral neuroanatomy: Large-scale networks, association 
cortex, frontal syndromes, the limbic system and hemispheric specialization. In; 
Mesulam M, editor. Principles of behavioral and cognitive neurology. New 
York: Oxford University Press. 

42. Harenski CL, Hamann S (2006) Neural correlates of regulating negative 
emotions related to moral violations. Neurolmage 30: 313 324. doi:http://dx. 
doi.org/ 1 0. 10 16/j.neuroimage.2005.09.034. 

43. Kim SH, Hamann S (2007) Neural Correlates of Positive and Negative Emotion 
Regulation. Journal of Cognitive Neuroscience 19: 776-798. doi:10.1162/ 
jocn.2007. 19.5.776. 

44. Vrticka P, Ssmder D, Vuilleumier P (201 1) Effects of emotion regulation strategy 
on brain responses to the valence and social content of visual scenes. 
Neuropsychologia 49: 1067-1082. doi:http://dx.doi.org/ 1 0. 10 1 6/j. 
neuropsyehologia.201 1.02.020. 

45. Bar-On R, Tranel D, Denburg NL, Bechara A (2003) Exploring the 
neurological substrate of emotional and social intelligence. Brain 126: 1790— 
1800. doi:10.1093/brain/awgl77. 

46. Ochsner KN, Ray RD, Cooper JC, Robertson ER, Chopra S, et al. (2004) For 
better or for worse: neural systems supporting the cognitive down- and up- 
regulation of negative emotion. Neurolmage 23: 483-499. doi;http;//dx.doi. 
org/10.1016/j.neuroimage.2004.06.030. 

47. Jha AP, Ranucci MB, Giuliani XR ;20nr); Organization of mnemonic and 
response operations within prcfmnial i nnr.\. Brain Research 1097: 133—141, 
doi:http://dx.doi.org/10.1016/j.brainres.2ll06.02.039. 

48. Miller EK, CohenJD (2001) An integrative theorv' of prefrontal cortex function. 
Annual Review of Neuroscience 24: 167-202. doi: 10. 1 146/annurev.- 
neuro.24.1.167. 

49. Ochsner KN, Silvers JA, Buhle JT (2012) Functional imaging studies of emotion 
regulation: a synthetic review and evolving model of the cognitive control of 
emotion. Annals of the New York Academy of Sciences 1251: El— E24. 
doi:10.1111/j.l749-6632. 2012.06751.x. 

50. Matud MP (2004) Cicndcr differences in stress and coping styles. Personality and 
Individual Differences 37: 1401-1415. doi:http://dx.doi.org/10.1016/j.paid. 
2004.01.010. 



PLCS ONE I www.plosone.org 



6 



May 2014 I Volume 9 | Issue 5 | e97071 



Sex and Emotion Regulation Ability 



51. Ptacck JT, Smith RE, Dodge KL (1994) Gcndrr Differences in Coping with 
Stress: When Stressor and Appraisals Do Not Differ. Personality and Social 
Psychology BuUctin 20: 421-430. doiilO.l 177/0146167294204009. 

52. Holland PC, Gallagher M (1999) Amygdala circuitry in attentional and 
representational processes. Trends in Cognitive Sciences 3: 65-73. doiihttp:// 
dx.doi.org/ 1 0. 10 16/S 1 364-66 1 3{98)0 1 271-6. 

53. Phelps EA (2006) Emotion and cognition: Insights from studies of the human 
amygdala. Annual Review of Psychology 57: 27—53. doi:10.1146/aimurev.p- 
syeh.56.091 103.070234. 

54. Whalen PJ (1998) Fear, Vigilance, and Ambigiiii\ : Initial Nruroimaging Studies 
of the Human Amygdala. Current Directions in Psychological Science 7: 177- 
188. doi:10.2307/20182537. 

55. Etkin A, Wager TD (2007) Functional neuroimaging of anxiety: a meta-analysis 
of emotional processing in PTSD, social anxiety disorder, and specific phobia. 
The American journal of psychiatry 164: 1476. doi: 10. 1 1 76/ ap- 
pi.ajp.2007. 07030504. 

56. lidaka T, Terashima S, Yamashita K, Okada T, Sadato N, et al. (2003) 
Dissociable neural responses in the hippocampus to the retrieval of facial identity 
and emotion : An event-related fMRI study. Hippocampus 1 3: 429^36. 
doi:10.1002/hipo.l0059. 

57. Augustine JR (1996) Circuitry and functional aspects of the insular lobe in 
primates including humans. Brain Research Reviews 22: 229—244. doi:http:// 
dx.doi.org/ 1 0 . 1 0 1 6/ SO 1 65-0 1 7 3f 96)000 11-2. 

58. Craig AD (2009) How do you led now? The anterior insula and human 
awareness. Nature Review's Neuroscirnce 10: 59-70. doi:10.1038/nrn2555. 

59. Oppenheimer SM, Gelb A, Ciirvin JP, Haehinski VG (1992) Cardiovascular 
efleets of human insular cortex stimulation. Neurology 42: 1727. doi:10.1212/ 
wnl.42.9.1727. 

60. Ortigue S, Grafton ST, Bianchi-Demicheli F (2007) Correlation between insula 
activation and self-reported quality of orgasm in women. Neurolmage 37: 551- 
560. doi:http://dx.doi.org/10.1016/j.neuroimage.2007.05.026. 

61. Phan KL, Wager T, Taylor SF, Liberzon I (2002) Functional Neuroanatomy of 
Emotion: A Meta-Analysis of Emotion Activation Studies in PET and fMRI. 
Neurolmage 16: 331-348. doi:http://dx.doi.org/10.1006/nimg.2002.1087. 

62. Thayer JF, Lane RD (2000) A model of neurovisceral integration in emotion 
regulation and dysregulation. Journal of Atfcctivc Disorders 61: 201—216. 
doi:http://dx.doi.org/10.1016/S0165-0327(00)00338-4. 

63. Paulus MP, Stein MB (2006) An Insular View of Anxiety. Biological Psychiatry 
60: 383-387. doi:http://dx.doi.org/10.1016/j.biopsych.2006.03.042. 

64. Augustine JR (1996) Circuitry and fiinctional aspects of the insular lobe in 
primates including humans. Brain ReseEirch Reviews 22: 229—244. doi: http:// 
dx.doi.org/ 1 0. 1 0 1 6/SO 1 65-0 1 7 3(96)000 11-2. 



65. Bremner JD, Narayan M, Anderson ER, Staib LH, Miller HE, et al. (2000) 
Hippocampal volume reduction in major depression. American Journal Of 
Psychiatry 157: 115-117. 

66. Rosso IM, Cintron CM, Steingard RJ, Renshaw PF, Young AD, et al. (2005) 
Amygdala and hippocampus volumes in pediatric major depression. Biological 
Psychiatry 57: 21-26. doi:http://dx.doi.org/10.1016/j.biopsych.2004.10.027. 

67. Sheline YI, Sanghavi M, Mintun MA, Gado MH (1999) Depression Duration 
But Not Age Predicts Hippocampal Volume Loss in Medically Healthy Women 
with Recurrent Major Depression. The Journal of Neuroseience 19: 5034—5043. 

68. Tang Y, Wang F, Xie G. Liu J, Li L, et al. (2007) Reduced ventral anterior 
eingulate and amygdala volumes in medication-naive females with major 
depressive disorder: A voxel-based morphometric magnetic resonance imaging 
study. Psychiatry Research: Neuroimaging 156: 83-86. doi:http://dx.doi.org/ 
10.1016/j.pseychresns.2007.03.005. 

69. Vythilingam M, Hcim C, Newport J, Miller AH, Anderson E, et al. (2002) 
Childhood Frauma Associated With Smaller Hippocampal Volume in Women 
With Major Depression. American Journal of Psychiatry 159: 2072-2080. 
doi:10.1176/appi.ajp.l59.12.2072. 

70. Hastings RS, Parsey RV, Oquendo MA, Arango V, Mann JJ (2004) Volumetric 
analysis of the prefrontal cortex, amygdsda, and hippocampus in major 
depression. Neuropsychopharmacology 29: 952-959. doi: 10. 1038/ 
sj.npp. 1300371. 

71. Siefirns DC. B>rum (.^E, McQuoid DR, C^reenberg DL, Payne ME, et al. (2000) 
Hippocampal volume in geriatric depression. Biological Psvchiatry 48: 301-309. 
doi:http://dx.doi.org/10T016/S0006-3223(00)00829-5. 

72. Vakili K, Pillay SS, Lafer B, Fava M, Renshaw PF, et al. (2000) Hippocampal 
volume in primary unipolar major depression: a magnetic resonance imaging 
study. Biological Psychiatry 47: 1087-1090. doi:http://dx.doi.org/10.1016/ 
S0006-3223(99)00296-6. 

73. Kessler RC, McGonagle KA, Swartz M, Blazer DO, Nelson CB (1993) Sex and 
depression in the National Comorbidity Survey I: Lifetime prevalence, 
chronicity and recurrence. Journal of Affective Disorders 29: 85—96. 
doi:http://dx.doi.org/10.1016/0165-0327(93)90026-G. 

74. Carney MA, ArmeU S, Tcnnen H, Affleck G, O'Neil TP (2000) Positive and 
ncgati\'e daily e\'ents, perceived stress, and alcohol use: A diary study. Journal of 
Consuhing and Clinical Psychology 68: 788-798. doi:10.1037/0022- 
006X.68.5.788. 

75. Eagly AH, Steffen VJ (1986) Gender and aggressive behavior: A meta-analytic 
review of the social psychological literature. Psychological Bulletin 100: 309- 
330. doi:10.1037/0033-2909.100.3.309. 



PLOS ONE I www.plosone.org 



7 



May 2014 I Volume 9 | Issue 5 | e97071 



